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(57)Abstract: 

PROBLEM TO BE SOLVED: To maintain a steering feeling of a 
driver excellent without unnecessarily deteriorating a follow-up 
performance of a motor with respect to a control command value 
determined in accordance with a rotating operation of a steering 
wheel. 

SOLUTION: A brushless motor 1 1 is controlled in accordance 
with a steering torque detected by a steering torque sensor 1 5. A 
sensitive region determination part 31 determines whether or not 
a running condition of a vehicle belongs to a sensitive region (a 
region in which the running condition is high speed running and in 
a low steering speed time, and a driver feels a steering feeling 
sensitively) based on a vehicle speed and a steering speed. 
Based on the determination result, a modification of a control 
mode of the brushless motor 1 1 , such as, the change of a control 
gain, or the changing over of a presence or an absence of 
correction by a non-interacting control correction value or a 
pulsation torque correction value, is carried out. 
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im^m 1 1 fluted > K^©H»»f¥ic«or7^ f 

t t -r z> m%<ombrt v - * r tv > ima. 

& <D X $> *> MM (DMM ^7-^fry>^g a 

[»ScS4] «ria»*3SaXtt2«:EKLfc*W©Wtt 
r *#HF8W8PWE«K: <fc S*iE©W*l*«WflW* 

[0 00 1 ] 
[000 2] 

[ffi3fc©a«3 St*, C©S(Dg@, MA.H4MHF7- 
3 2 9 7 9 9^M^ntC^J:^ > F 

;u<d @ttafpcc j£ d r Wft * - ofBtt* fflffl-r & /t #> 



(2) 2 0 0 1 - 1 8 8 2 2 

2 

[0 00 3] 

s«c*ottt, ayK7^-y>y«c*t-rs#«*^sti 
io 4-y>^&tttt(cBcs«ttc6, ffiow^traa* 

*<D#mnB&mtir&± t ttcmmy i - y > #tm 
/co, mnb)\s9*mtt&tcib<Dmm*un*W5m 

[0004] 
30 gS^t^Ci(C*^ 0 

[0005] iWBaw*aarr4fe*K:, *»M©»jsaE 
<DYmv$&*y a - 2vxm&*-z<D?m*:m 

[0006] c<om&, mztt. tnem3ea>mi». a 
^^a»6^^--y>y*tiitftcciBii;s««^*D, «r 

[0 00 7] BUfBCDJ: 5CC*JiRL)tot:*WCCfcC>rtt, 
50 ^*ffiRCXWSBS8«BEH*Soffffl«:J:0, ^M<D^ 
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3 

«c«aiii#oiiHje7 ^ - y >y*iaufctii8P4m>. 
<b t> 5 <t 5 ic®mmmzw&x.2> c t&x$ 

irtt wm&wsex&mt* we* 

Sic <fc s WEfc: i£ o r * - * $fj® *©<D$fJffii y -/ > % s 
<fc#r#, aM67-f-y>^a»i&s. — *w 20 

*& «: cfc & WE k: ft D tittle - ^ cc » -r S #TgHW» 
T^xh F^^©Sttccj:*»jre7-f-y>y©affc* 

*acc<tswe«cj£cr«tt*-^cc«TSJiiab Ht>* 40 

*KEffiCcj:4ffliE©**ll*ft(lffli'r4. cticcj:ti«. * 
h^^ltiE««rd»rWfc*-**W«rr* C 4KJ; 

tt^-^tc^^r^x b b)U2<D%abtcmmisft.t&t&7 
-f-y>y<MWb*Har#*. — *woj6tT«« 
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[0 0 1 1 ] 

[0012] c©«»A7-xf7y>^»t msfr 
ttLXTZsxbf)&tt^T2>&<D-c s *©H»cj£i;r 

IWft*JWl!l^r««T* * -f n * F 1 3 **Hfcfri5jfc: 

[0013] ^^ux^^ 1 1 omzZMm-rzit 

S*T^>^ h*SW»2 1 , KU^ftS§i52 2SCW8S 

ire h ^ ^ -fe 1 5 & h <omfc b )\> ^sr/^a-fe >v 1 
[0014] i%&mmmm$L2 4 b, mrtBJg^ h t 

/c, C<Djg^S«5^E852 4», &S^>*y-CC<fc^HJ 
fii^r 4>A^7 ItWg^liS I d* 1 q*ZffiiE Lxmtj-r 

[0015] milBffliE^n/cdliRr^qlAfg^m^ I d 



5 

*. I q*ttiR»eP2 5.26 ft, SSS&2 5 , 

2 6«, dttR^Q«l}g^«SEl d*. Iq**>6d«|Rtf 
q«ltftffl««l4. I q£^ft^ftMlt^&C<L&Cj;9^ 

5hia i d. a i qswutLr % tttmamw ( P I M 

2 7, 2 8iCM«o ifc«8l#WflP»2 7. 2 
8 tt % M^fflA I d, A I q*»C>feTBS 1 . 2<D?g$l 

q I d* I qHtilfiET £ <fc 5 ec d q 

[0016] 

[»1 ] Vd*=-Kp-A I d+Ki- S A I d dt 
[0017] 

[»2 ] Vq*= -Kp-A I q+Ki - I A I q dt 

[o o i 8] ffirsasi. 2tp£>(&t&K P . Km. 

£SB 3 2 a^6^mR^MWB2 7,2 8 «C*ft*ft«|& 
*ft*ftH&Sfi»cS5£Sft*. mtiMVffl&R3 1 

asw roj «rswsc^«w, -rato%a«*3w»jK7 ^ 

-y>^«ittlkK:BC«m (BIT, BSINilr^) 
If 1 T^&CD^itvSaf^aW-^^^U^^-^l 1 

n*Sijl6^>F;n 2ias&Lr0^T^ 

tOT^^OT, itr^nsso>«aw6^> f;h 2<om 

[0 0 1 9] ^^^gi53 2«, fiHRKpiUr»ftS 
2offiKpO, Kpl(Kp0>Kpl) iiettUT^-Siifc 
«»Kii:0ra«cS2offlKi0, Kil (Ki0>Ki 
1) *rSEttbT;b*K Sa£ffi*gffi£S&3 lCC<fcf3*HCD 

8*Kp, Klil/TKm. Kil*Jt^*JMSP»2 7. 2 

8fc*ft**i«iM-s 0 «iB««Rije»3 net 

9 »W© j£fftt«#JB j£«J&c JS 3 ft ^ <t S ft tcm 
^CC». &tfcKp. KitUTKpO, KiO&tf;0W#fflffl! 
352 7 , 2 8 k:^ft«eft#y&-r^ 0 
[0 0 2 0] dttROfqlWHMMEVd* VqHi, *T 
»«fflIffliEffiit#gP3 3Rtf?gflSi53 4 , 3 5 CC J: 0 % 
d^S^q^ffliEfg^^EVd*', Vq* , «CffiiESftr2 

ffl/3«B«K*»3 6K«lft.Sfts. ffTWNMtiE 

fiBffitSB 3 3», d fA&O* q I d, I qROTel 

3k^<DftiIgcoK:S-3t>T, dttRtfqlWB^&WBEVd 
*. V qWtc&<D$ttWfflmffiiEma> • L a- I q, - co • 
(</>a+La- I <*)&%tn?Z>o fcfc, BiffE-/ 

34, 3 5» % dttRCfq(WB^fB£Vd* Vq**>6# 
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T^JfflflfijflEffico-La- I q, - co • (4>a+ La- I d)** 

ft-eft«#-r * c 4 «c <t o , d «& q #*iiEJg<$iij£ 

V d* ' = V d*— co-La- I q, Vq** = Vq*+ co • (<£a+ La 

•i(0*»aoT, 2*a/3tHfiga^ifeaB3 6(c«i&r 

[002 1 ] 2«/3«**SBft»3 6«. dfi&tfq 
*HijEf&^«EVd*'. Vq* a £3'4aMMKEVu*. Vv 

* VwHC^&LT, E®EjftU^:3«fg^aiffVu* Vv 

* Vw*%PWMWE^gB3 7CC«^-r-5o PWM1 
10 JEE#££§|53 7&£. 3 fflJg<£*EE V u* Vv*, Vw*K*ft£ 

L/cPWM$fJfflimjEfi^UU, VU, VKfl&-f >^-*[BI|j&3 
8*CttttrT£ e *Htt3 8 tt. MIBPWM^J®) 

mEEfi-^uu. vu, wutcS*l£L//c3tBcDHflS^iEEft#V 
u. Vv. Vwfcj64Lt % |H)®emEEfl^ V u, Vv, Vw 

ti-eftfiU&'T*. 3tgCDaSSmifeSS(D^^cD2otc:«m 
8SEi2>*4 1. 4 2#RW6*u SWifrte>lMl. 4 

2K % ^s^u**-* 1 itc>*-r^3tacDa^^i 

u. Iv, I w©3^©2o<D»fiWtefc I u. Iw^^tBL 
20 T3ffi/2fflffi«K»«43«Cffi2rrS. CCD3ffl/2 
fflffi«^»»4 3CC«. ?S^gP4 4$tTiifrfB#ltt®8&1I 

tk i u. i vfomr3\ t >x*m$ftK.mmm& i v^«^$ 

ftri^„ 3tS/2tBM^^gP4 3tt. Cft6C03tB 

t^ttiJEasamsfe i u. i v. iw^2 tacD d ^at^ q i^m 

«»I<t Iq^^^-So 
[0 02 2 ] lsNEft42>1M 6fr&02ffl/W* 

30 ux^e-^ l l ccto^SEWST-oHffi^-fc^SWaft 

4 6^«j&-r^ 0 ftiis^^a54 6«, igfl^a^ 

flMtf»Sai8B4 5CcrttJ|[SftS«fltfia 

fcttf > ^ y > ^SKISO'iaeft -fe i 6 o^JBfficc J: 

40 l^o 

[0 023 ] ±BBMJAO«fittmi»a. >tf 1 

4, 16, 17. 4 1, 4 2&c>V>>r<-£[p][g3 8£ 

Httr»r«^-HR3L- ^ hft(aR«>6ft'C;fc?K H^? 
hF*3CO^§B2 1 — 2 8. 3 1 — 37: 43-46«, V 

u#^j*mm l c&*) &®m wmm 2 ft £ <fc 5 tc ^ r> n » 

€>o L/c*^t, M-b>tl4, 16. 17, 4 1. 

so 4 2^6©tftfflfi#tt. BfS©if>^ r y>yu- f (-y- 
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[0024] Jfctc, _tiB(D J: 5 L/clgijSiJfe?^ 

@8&&ft-f &<fc, c<D®9bt&mz$juv f i 3*c<si 

1 4&ttt#£n£&J&h>>U££^UJU ^7t/l/^- 

* 1 1 ifim^mmmmc^ vv-tfmwztixmnmte 

bilrffcfcttcT^x b bfrfXZJUy F 1 3*mM 10 

[0 0 2 5} ccD^m$»Jiai^cc<fc^if-#©]iaitc*5^ 
OWSP2 3#. t?f2^W^6h^^, igilv, EB£^ 

irr&ict&it, m^mfa&m^2 4&c<Dm&b)i>i> 

Jg^HSiUd* Iq*£Sfcrr& 0 SS?352 5. 

2 6 , tb#Jig#3«SJ$ 2 7, 2 8, 2 *g^#^ 20 
SB3 6, PWMfIJE|££^3 7KO^>^~£@SS3 8 

HSlHz>1f4 1, 4 2, 3ffi/2ffl^S^S84 3 
RWaegP4 4CCj:or7 F'<* ^^n/cdMM' 
q I d, I q£ffll>T, Id. I qffi 

WJB<£«*Id\ Iq*Ki^L<Sc&<£5fc:, ttettrf 
7$/UM-^l l#J^hJl/*T* (Jg*&F;l/*T*# 

»t»aB3 3Rtfa»»3 4, 3 5(3:, d, QftMrW 30 

[0 026] t <D<£ 5 tt*-*K«lfflI* % JtW«#Wa«B 
2 7. 2 8tt. «»«25. 2 6^6©i^tiAId, 

±8B» 1 . 2 ©S»®Hfffc: J: 0 , Jg^mEEVd* Vq* 

«nrr*. — jne«iCH£ff3 i-ci*. *w<we 

£*Kp, Ki*Jt«W#«ai»2 7. 2 8tc«j&-r^ 0 c 

Kjpx Kii*$«aKp. KitLx^ti^nmszti. m 

KiX KpO. KiOte, Kp0>Kpl&O ? Ki0>Kil<DSK 

[0027] Ltc&-?x, mMvmftm&msmi&ic 
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^•atceHb/c^^U^-t-^ 1 1 SCi^T^* b b 
[0 028] ft**. ±ffiSlalUBgJ8Ccfec^«, ^ 

^ - y > ^ &ffi«L *tmft<omm* £ 
<D£*>lc. 3WS«a±<o{B«*2W3&r*J:5R:Lr, U 
IBffHJSpy > £ 3 ®S«±«fl D -5 J: 5 «c L r X 

i,\ ccom^. 02tcssa8-c^-rj: ^ tcm&m&ffi&o 
[0029] b. mzm&Bm 

^c. *»98©»2H*BBJB{cocirigB*ffliirgttW 

y>^a^TOW^*urt^ e 

[0 03 0] 2Hffi»CfcUTIJ k ±iB®m 

i^JBJctoW*«»«*»3 2*BUI»Lr, fieffttH 

ttRJ^q #ffl<D|MF^S88P«iEffio) • L a- I q. -a)-(</> 
a+ L a- I <0«r Jt«W»«IfflI» 27. 282»6<Dd?i££ 

o'qfAJg^jEVd*. Vq*ccjntt-ra3&>5^*»iffli'r 

^*5, CCDt§£\ .J±«a»«K»»2 7 1 2 8tCfc^ 

Kp. Ki«, f^^n/c^sr*^, 

[0031] mmvjkfttm&m&mmiic 

#R^q WifflO^T^SBfflniiEfflG) • L a- I q. - a> • 
a+La-I d)©ft#^^± Ut, mflB 2 ^©#T8MMfflJ 

MEffit* roj . roj ccs^*r-E> e cnccj:^, 2ta 

/ 3 tmmm&st 3 6 cc«*& ^n^d^^q mmjEm 

^BEVd*', Vq*'«. dttRCfqttJB^fllEEVd*. V 

^cfe, siRcctt. mn^3 4 t 3 5icj:z>m&mmi>^ 

[0032] 

[^[3 ] Vd*' = Vd*= -Kp-A I d+Kv J A I d dt 
[003 3] 

[&4] Vq* , = Vq*=-Kp-A Iq+Ki* J A I q dt 
[0034] $1©^?tTO«^I$^ 
Oii^Cc«, *T*«!fiW*iEffl8Wa3 3 Ccr df4SO* 
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Q ibFfXDltt&fflfflffilEmo • L a- I q, - co • (</> a+ L a 

* i d)^n-e*ift»3ti, ?n#gP3 4 . 3 sccrtk^ 

S#ffHJtSJ35 2 7. 2 8 * 6 <D d ttStf q l*Jg^«EE V d 

* v<^*ft^flnii*Sft*. tftccj:9. 2ts/3ta 
mmm&& 3 6 £ n & d q #MiE}g^ms 

Vd*\ Vq*'tt, TIBgfrS, 6K<fc9ll3ft/c*>CT)<b& 

[0 035] 
[ft5] 

Vd** = Vd*-co*La- I q 10 
= -Kp-A Id+Ki- J A I d dt-co-La- Iq 
[003 6] 

me] 

Vq*' = Vq*+o).(0 a +La- I d) 
= -Kp-A I q+Ki- J A I q dt+co-(</>a+ La- Id) 
[0 03 7] CCO<fc^CC, 'c<Dm2mt®&mitZtot,>X 

j^JflPffiEffico-La- I q, - co • C</>a+ La- I d)£##> 

T^$fJ®liiEffico-La- I q, -d)-(*a+La- I d)4t 
fet^S/UX^-^ 1 1 as. 

[0 0 3 8] ic^r, *Aft0*s«i2 ro j tcift<r 

LT:*«> 6ft *ftiIJKG> fc;**fcRii*$t*Ji§£3&s* 
So —7?, #T8tS8ffllMiEfflG>-La- I q, -co-(</>a+ 
La- I cOOWffCCto^TJi^S/U^-t— * 1 1 <on^ 30 

•Iq, -a>-C*a+La- I d)#j*SL<fc&*K #=F»M8P 
JilEffico • L a- I q, -^co-(<£a+La- I d)^r^tfd#S 
0 p qftt§IEJg<&WEVd*\ Vq*'*^>^>^£itac U 

[0 0 3 9] -ecDMm. C<D»2Sg»«JKCca:*iK, * 
fc^E =f &$mWsEU co • L a- I q, - co • Q<f> a+ L a- I d) 

^Wl^7^l/^-^i l £8HJ^-r&<DT\ m 40 
f2dttS^q*HtiE}B^«BEVd*^ Vq*'<D^>*>^ 

3 6CC, c<0»^«ctt % #7«HMnmiEfl[a> - L a 
•Iq, -o>-(*a+La- 1 d)«cB8«b^:JS}»^B«:3tc 

^T^WfflUfiiEtta) • L a- I q, - co • (</>a+ La- I d)£: 

* T * ( d q tttf jEfg^Sift Id* I q*\ d 
tfqtttg^EEVd* Vq*) CC^TS^^UX^r-^ 50 
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[0040] «c* % ±cnr2iot36iKcc^r«. itea 
m»»mst2 7,28 tc*5^s?n»«:f««sti5^SK 

2 CCT9^<*ftfc«»Kp. Ki£ttttfl|»Mllff 2 7 , 

2 8 «c«i&-r s cfc 5 cc -r ft t^cfc c 

[004 1 ] c. 3I3$a«£jB 

[0 042] C©*3 jafi»S8CC*5l*rtt. ±E» 1 H 

fiitt-gLgp 4 7 #k w 6 nr *> o , imit^gp 4 7 
WWSW3 1 JrS^J^^jSDTSRar b >i>*miEtt 

8 k^ms $ eisiff SP4 8 ttjg<&««afcffiW2 4*6 

<D q Wg^mSfe I q** 6 f?fBMl& h ^ ZmJEfii I qr^2^ 
#*T & C i CC J: 0 q fAJg^lKfc I q**«iE LT 2 
6tC«$£!T£o ftte, CCDig^, tbWS^SOaiSP 2 7 . 
2 8CC*^5d«RCfql*}g^«ffVd* Vq*CDtt#tC 
teWS««Kp. Kite, ?tt>ft»6ft7tiEtt'C*£. 
[0 043]»h ;l/^«iEfiiH-S[gI54 7 B % «Bfl£ 

«a^^ftS54 5*6©««ft0 2acX3 
«/ 2 ffiffi«aSft»4 3 * 6 CD q Kl^amSfe I q*A^ 

JDKtt h ^ ^ ffliEO I q r^rTI 7 ©S»©|gtf «C 

l^S^te, h Jb^MIJEffi I qr£ r 0 J tfC&fc-? 
S 0 

[0044] 

[®:7 ] I qr=Kro-Fo((9)/Kt+Kn-Fl(0)- I q 
/Kt-Kro-Kn-Fo(^)-Fl(0)/Kt 2 
[0045] ituiB£&7 *P<D b)V?i^Kt&UMM t)V 

^»iEfflttffSB4 7cc^«>fBfSsnrt>s«®rt?*So 

£/c, MS&hJU^B8tfcFo(^), Fl(0 )ttHR(C <J;ot 
BBS 3 ft, «Ufth^i/^*KEfiBH)t»4 7rt«:r^-y;l/ 
Xte^^^cD^rSa 3 ft S <b ^ tc Btg S ft r i ^ 
SK^T4>So 

[0046] hiU^ffliEffi I qKcotirffi^k: 

Sfe) iq^ roj ©it^ccfe^s^ (n=P>yh;i/ 

^) Kro-Fo((9)<b, q^mgSl qtCiS^ ( U 

Kn-Fic0)- 1 q&*6%2. ccr, PI^S 

#Kro-Fo(0), Kn-FlC0)-Iq^ffll^i k MK) h 

;U^AT((9)«TfB^8 0<fc ; 5^$ftSo 
[0 04 7] 
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[?fc8] AT(0)= Kro-Fo(0)+Krl-Fl(0)- Iq 
[0048] *-J\ =i^>^K^^Kro-FoC0){C»*r 
&*${gCC^<,>T#*.££. ffi^ h^T(0)BTIB»9 

£fc 1 0 ~Cm?mWL I qo*-^*. 6 C t CC £ 0 3 =F> ^ h ;U 
*Kro-Fo(0)£|£*r#£o 
[0 04 9] 

[£49] T(0)=KfIq+Kro-Fo(0) 
[0 05 0] 

[ftlO] lqo(0)= Iq-KrcvFoC<9 )/Kt 
[005 1 ] #:CC, U * Zf)l b Jl 2 K n- F 1(0 ) • I q* 

fWBWftl qo£ffll>TTfB£ftl 1 CD<fc 9 $C^i*ft£<D 
t?, I qcXDftb 9 CCTfBtfc 1 2 T'^-T mSiE I ql£# 

[0 05 2] 
[Sll] 

T(fl)=Kf I qo(0)+Krl-FlC0)- I qo(<9) 
= Kf I qo(0)* (1+Kn-Fl(0)/Kt) 
[005 3] 

mi 2] 

I ql«9)= lqo(0 )/ { 1 + Krl-Fl((9 VKt} 
^ I qo(<9)- { 1 -Kn-Fl(0)/Kt) 

[0 05 4] *L/T. C©»1 2CCb?IB»1 0 5CJ;9^ 
Sft/c I qo(6> )^rRA-rn« v TIB®: 1 3 aW»tl«. 

[0 05 5] 

[£U'3] lql(0) = I q-Kro-Fo(0)/Kt-Kn- 
F1C0)- I q/Kt+Kro-Kra-FoC<9)-Fl(<9)/Kt 2 

[0 05 6] Ltc&~?X. tomtit I q**itjE-r^^^ 

©HUBlF^^ffliEffiiLT, BuR»7K:^rj|liafth^^ 
MEffil qi^fctohi. 4*. C OOMtt h ;U iEffi I 

SdtffS£^zdlfc& r s r jrcohwy? ^Sc* 

[0 05 7] CCD»3SateBJ»(c J:ti« % * 

tBIEffil qr*d»T^5/U^*— if 1 lSWUt-SC 
&CCtt9 % :/9t/U**-4r l l Cc<££M8fr h^<DJfc 

«E«iqr«nii-r«im#ft<«t«. $/c, am 4 

*§£«CB* MS) F^^ffliEffl I qr<Dffl#©fc»<D«ra* 
«5*TC*, h;V*T* I d* I q*) K» 
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